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Aim. To investigate predictors of adherence to group-based exercise and physical activity participation among stroke survivors.
Methods. 76 stroke survivors participated (mean age 66.7 years). Adherence was the percentage of classes attended over one year.
Physical activity was the average pedometer steps/day measured over seven days at the end of the trial. Possible predictors included
baseline measures of demographics, health, quality of life, falls, fear of falling, cognition, and physical functioning. Results. Mean
class attendance was 60% (SD 29%). Only one variable (slow choice stepping reaction time) was an independent predictor of
higher class attendance, explaining 5% of the variance. Participants completed an average of 4,365 steps/day (SD 3350). Those
with better physical functioning (choice stepping reaction time, postural sway, maximal balance range, 10-m walk, or 6-min walk)
orbetterqualityoflife(SF-12score)tookmoresteps.AmodelincludingSF-12,maximalbalancerange,and6-minwalkaccounted
for 33% of the variance in average steps/day. Conclusions. The results suggest that better physical functioning and health status are
predictors of average steps taken per day in stroke survivors and that predicting adherence to group exercise in this group is
diﬃcult.
1.Introduction
Stroke is a leading cause of death and disability throughout
the world [1] with 15 million people worldwide having a
stroke each year [2]. The major socioeconomic burden of
stroke results from the associated chronic disability rather
than death [3]. For example, in Australia, there are around
350,000 stroke survivors, of whom 90% live at home and
282,000 (80%) live with permanent disability [4]. People are
now more likely to survive after suﬀering a stroke, increasing
the burden of disability over the last decade. This burden will
continue to increase dramatically over the next two decades
as the population ages [5].
Falls are a signiﬁcant contributor to stroke-related dis-
ability [6]. Over 70% of stroke survivors fall within six
months of discharge from hospital [7], and nearly 50% of
community-dwelling female stroke survivors continue to fall
each year [8]. Gait and balance problems have been found
to be important factors underlying this increased falls risk in
this group [8, 9].
Eﬀective strategies to prevent falls and minimise stroke-
related disability are essential to provide quality-of-life
beneﬁts and minimise spiralling health costs. There is now
good evidence that well-designed exercise programs can
enhance function after stroke [10–12] and can prevent falls
in the general community of older people [13]. However,
as is evident in the general population [14]a n ds t r o k e
survivors [15], ongoing adherence to exercise programs
remains a major barrier to their eﬀectiveness. An improved2 Stroke Research and Treatment
understanding of barriers to exercise adherence may assist in
designing and administering optimal exercise programs.
A recent systematic review of facilitators and barriers to
participation in falls prevention in older people included 24
trials [16]. The authors identiﬁed several factors associated
with increased exercise participation, including high exercise
self-eﬃcacy, past exercise history, good general health, and
functional independence. The speciﬁc program character-
istics associated with improved adherence were frequent,
moderate duration activity, program accessibility and con-
venience, emphasis on social aspects, strong leadership, and
individually tailored exercise.
Similarly, in a recent study involving older retirement
village residents [17], we identiﬁed poor balance, impaired
cognition, and multiple medication usage to be signiﬁcant
independent predictors of poor exercise class attendance.
Thisresultindicates thatthepeople withthepoorest physical
functioning were the most likely to ﬁnd it diﬃcult to adhere
to the exercise program.
Walking speed and endurance among community
dwelling stroke survivors are markedly lower than age-
matched controls [11, 12] and are associated with reduced
quality of life and social isolation. This demonstrates the
importance of physical activity promotion to stroke sur-
vivors to maximise their health outcomes. Documenting
factors that predict adequate physical activity participation
may also prove helpful in designing the content and delivery
of exercise programs.
To address the above issues, we documented exercise
class adherence and physical activity participation in a large
sample of stroke survivors. The ﬁrst study aim was to
identify factors that were associated with adherence to a 12-
month supervised group-based lower-limb exercise program
designed to enhance mobility and prevent falls. The second
aim was to identify factors that are associated with the
average number of steps taken per day at the end of the
trial period. A range of health, medical, and physical status
variables measured at baseline were assessed as possible
predictors of adherence.
2. Methods




Area Health Service Ethics Committee (Clearance no: X06-
0039) and The University of Sydney Human Research Ethics
Committee(HRECno.07/2006/9031),andwritteninformed
consent was obtained from all participants.
2.2. Participants. Participants were stroke club members
who had suﬀered at least one stroke, were able to walk
10m independently with or without a mobility aid, gained
medical clearance for exercise, were willing to join the New
South Wales Stroke Recovery Association if not already a
member, were willing to commit to a weekly exercise class
and home program for 12 months, and were able to give
informed consent. Participants were excluded if they had
a cognitive impairment deﬁned by a Folstein Mini-Mental
State Examination (MMSE) [19] score of less than 20, had
insuﬃcient communication/English skills to participate in
assessment and intervention, or had a medical condition
precluding exercise such as unstable cardiovascular disease
or suﬀered from other uncontrolled chronic conditions [20]
that would interfere with training and/or testing protocols.
Age, side of stroke, time since stroke, and comorbidities were
recorded.
2.3. Exercise Program. Study participants took part in weekly
exerciseclassesandweregivenahomeexerciseprogramtobe
completed at least 3 times per week. Classes were conducted
over 40 weeks at the Stroke Club and were provided to
participants free of charge. The intensity of the exercises
included in the program was progressed as performance
improved to ensure the intervention remained challenging.
Experienced physiotherapists speciﬁcally trained in the trial
protocol delivered the exercise classes and also designed
individual home programs, which were reviewed and mod-
iﬁed monthly. Exercise sessions took between 45 and 60
minutes. The exercise intervention was designed to prevent
falls, enhance mobility, and increase physical activity (the
Weight-bearingExerciseforBetterBalance(WEBB)program
availablefromtheauthorsonrequest).Participantswerealso
encouraged by exercise leaders to increase the amount of
walking undertaken if considered safe to do so by the leader.
Further information about the intervention program can be
found in the trial protocol [18].
2.4. Adherence Measures. Two measures of adherence were
used to determine the amount of physical activity partici-
pation and the factors associated with greater adherence in
this group. Exercise class attendance for the duration of the
studywasrecordedbyexerciseleadersandthenexpressedasa
percentage of the number of classes oﬀered. Physical activity
participationwasmeasuredbyrecordingthenumberofsteps
taken each day for seven consecutive days using a Digimax
pedometer and then calculating the average number of steps
per day. This measure was recorded at the end of the 12-
month intervention when all classes were complete, during
which time participants had been encouraged by exercise
leaders to walk if safe to do so.
2.5. Predictor Variables. Data for possible predictors of
exercise class attendance and averaged steps per day were
collected via an interview, and a physical assessment was
conducted at baseline by a physiotherapist. Potential pre-
dictor variables were grouped in the following domains:
demographic, health and health-related quality of life, falls
and fear of falling, cognition, muscle strength, standing
balance, and mobility.
Demographic data (age, gender) were collected during
the baseline questionnaire. Health was measured by asking
about the presence of or history of a number of healthStroke Research and Treatment 3
conditions and symptoms (visual problems, hearing prob-
lems, Parkinson’s disease, peripheral vascular disease, dia-
betes, heart conditions, hypertension, asthma, incontinence,
epilepsy, osteoporosis, arthritis, hip fracture, vertigo, and
pain). Health-related quality of life was measured using
the SF12 Version 2[ 21]. Possible predictor variables from
the health and health-related quality-of-life domain used
in the analyses were the total number of health conditions
or symptoms, incontinence, poor vision (as measured in the
physical assessment on the Melbourne Edge test of visual
contrast sensitivity), the SF12 Version 2 physical composite,
and SF12 Version 2 mental composite scores (0–100) [22].
Falls were assessed with a yes/no question about whether
the person had experienced recurrent falls. Fear of falling was
measured with a single question; “Are you afraid of falling?”
which required a “yes” or “no” response. Cognition was
measured using the Montreal Cognitive Assessment [23]. The
Montreal Cognitive Assessment assesses diﬀerent cognitive
domains: attention and concentration; executive function;
memory; language; visuoconstructional skills; conceptual
thinking; calculations; orientation. The Montreal Cognitive
Assessment is scored from 0 to 30 points.
The domains of muscle strength, standing balance, and
mobility were assessed by trained physiotherapists using
performance-based tests. Muscle strength was evaluated by
measuring knee extensor strength in both legs in a seated
position. Strength (kg) was recorded as the best score from
three attempts for each leg. Two aspects of mobility, walking
speed, and capacity were assessed. Walking speed (m/s) was
measured using the 10-m walk test. Participants were timed
as they walked at their comfortable and fastest speed over
the middle 10m of a level 14m walking track. Walking
capacity was measured by quantifying the distance walked
(m) during a 6-min walk test [24]. Standing balance was
assessed using three tests involving diﬀerent movements in
standing. The maximal balance range [25] test measures
the maximal forward- and backward-leaning capacity of
the participant. Subjects were asked to lean forward as far
as possible from the ankles without moving the feet, then
back as far as possible. Maximal anterior-posterior distance
moved was measured in millimetres with a sway meter that
measured displacements of the body at the level of the pelvis.
For the maximal balance range test the sway meter extended
in the anterior plane. Participants had three attempts at the
test, with the best trial used in the analysis. Postural sway
[26] was also assessed using a sway meter, positioned around
the waist and extending posteriorly. Testing was performed
with participants standing with eyes open on the ﬂoor and
o naf o a mr u b b e rm a t( 4 0c mb y4 0c mb y7 . 5c mt h i c k )[ 26].
Choice stepping reaction time was measured as the time(s) to
completeastandardizedsteppingroutine,whereparticipants
were required to step from either leg onto targets on the
ﬂoor in response to a verbal cue directing the foot placement
[27].Thisisamodiﬁedversionofanelectronicallytimedtest
previously found to be a good composite measure of the risk
of falling [27].
2.6. Statistical Analyses. Analyses were conducted using the
SPSSandStatasoftwarepackages.Linearregressionwasused
to determine the univariate associations between potential
predictor variables and (a) exercise class attendance and
(b) average pedometer steps per day. Predictor variables for
which the individual P values were less than 0.2 were then
included as candidate predictor variables for multivariate
linear regression models. To ensure there were at least 15
casesfor each predictor [28], one potential predictor variable
from each domain with a maximum of 4-5 variables was
includedineachofthemultivariatelinearregressionmodels.
Where there was more than one variable from each domain
that was associated with the outcome in univariate analyses,
the variable with the lowest P value was entered. Statistical
assumptionsunderlyinglinearregressionmodelsweremetin
the ﬁnal models for adherence and steps taken. Speciﬁcally,
the residuals were normally distributed, and there was no
indication that the residuals were heteroscedastic and no
indication of a nonlinear relationship between predictor
and outcome variables. There was also no indication of
multicollinearity as the variables were not highly correlated
(r<0.5), and the variance inﬂation factor values for each
variable were less than 10.
3. Results
One hundred and ﬁfty-one participants were recruited to the
RCTinvestigating theeﬀectsof exerciseonfallsandmobility.
These people were recruited from 11 stroke clubs between
November 2006 and January 2009. Seventy-six participants
(38 male and 38 female) were allocated to the lower limb
exercise group, and these people are included in the analyses
described here. The mean age of the participants was 66.7
years (SD 14.3), and average time since stroke was 6.7 years
(SD 6.7; range 0.1–24.8). The baseline characteristics of the
sample are shown in Table 1.
3.1. Exercise Class Adherence. An average of 31 (SD 8)
exercise classes were available to participants over the 12-
month study period. Average attendance rates were 60% (SD
29%). Eight physiotherapists, on average 28 (SD 13) years
since graduating, provided the intervention at the 11 stroke
clubs.
Univariate linear regression analyses identiﬁed just one
variable to be signiﬁcantly (P<0.05) associated with better
exercise class attendance; slower choice stepping reaction
time (P = 0.03, coeﬃcient 0.2, 95% CI 0.02 to 0.4).
Those with more comorbidities (P = 0.08), a self-reported
fear of falling (P = 0.21), or a history of recurrent falls
(P = 0.20) were also more likely to attend more classes,
but these relationships did not reach statistical signiﬁcance.
The variables included in the analysis but not found to be
predictors of class attendance included age, gender, vision,
incontinence, SF-12 mental composite scores, cognition,
knee extensor muscle strength, maximal balance range,
postural sway, 6-min walk test distance, and 10-m walking
speed. The results of the univariate analyses are included in
Table 2.
The three variables with individual P values from the
univariate analyses that were less than 0.2 and which4 Stroke Research and Treatment
Table 1: Characteristics of participants on entry to study.
Characteristic Lower limb exercise
group (n = 76)
Demographics
Age (yr),
mean (SD; range) 66.7 (14.3; 31–91)
Time since stroke at enrolment (yr),





Gender, n males (%) 38 (50)
Side of hemiplegia, n right (%) 34 (45)
Recurrent falls, n (%) 19 (25)
Fear of falling, n (%) 34 (45)
Health conditions/symptoms
Visual impairment, n (%) 61 (80)
Hearing impairment, n (%) 26 (34)
Parkinson’s Disease, n (%) 1 (1)
PVD/Leg ulcers, n (%) 4 (5)
Diabetes, n (%) 16 (21)
Heart condition, n (%) 26 (34)
Hypertension, n (%) 44 (58)
Asthma/COPD, n (%) 16 (21)
Incontinence, n (%) 20 (26)
Epilepsy, n (%) 14 (18)
Osteoporosis, n (%) 16 (21)
Arthritis, n (%) 34 (45)
Hip fracture, n (%) 5 (7)
Vertigo/dizziness, n (%) 29 (38)
Pain, n (%) 47 (62)
represented diﬀerent predictor domains were entered into
a multivariate regression model (number of medical condi-
tions and symptoms, history of recurrent falls, and choice
stepping reaction time). This model explained 8% of the
variability in exercise class attendance. As shown in Table 3,
none of the individual variables were statistically signiﬁcant
in the multivariate model (although P = 0.055 for choice
stepping reaction time) indicating some shared explanatory
ability. The adjusted r2 of a model including choice stepping
reaction time only was 5%, indicating a small amount of
additional predictive ability of the other variables and a high
proportion of unexplained variability.
3.2. Physical Activity Participation. Averaged steps per day
data were available for 64 participants. Overall, the mean
number of steps recorded was 4,365 steps per day (SD
3,350), and the range was 55 to 12 733 steps. This mean
represents 44% of the 10,000 steps recommended by physical
activity guidelines to improve health and wellbeing. In
the univariate analyses, several variables were signiﬁcantly
associated (P<0.05) with averaged steps per day. These
included a better SF12v2 physical composite score and each
of the balance and mobility measures (better postural sway
while standing on the foam mat, better maximal balance
range, better choice stepping reaction time, better 6-min
walk test distance, and better 10-m walk test time). There
was no association between steps recorded and age, gender,
vision, incontinence, total number of health conditions or
symptoms, SF12v2 mental composite score, fear of falling,
recurrent falls, cognition, or leg muscle strength. The results
of the univariate analyses are included in Table 2.
Three of these signiﬁcant variables representing one
variable from each of the domains of health/health-related
quality of life (SF12v2 physical composite score), standing
balance (maximal balance range), and mobility (6-min walk
test) were entered into a multivariate regression model to
determine independent predictors of averaged steps per
day. The univariate P values for maximal balance range
and postural sway were both less than 0.001. The maximal
balance range measure explained slightly more variability in
averaged steps per day (adjusted r2 15.9% versus 15.7%),
so this measure was chosen for the multivariate model.
Similarly, the P values for 6-min walk test and 10-metre walk
distance were both less than 0.001, but the 6-min walk test
explained more of the variability (adjusted r2 34% versus
27%). The 3-variable model explained 33% of the variability,
and, as shown in Table 3, better 6-min walk test performance
remained strongly associated with averaged steps per day
(P<0.001) in the multivariate model. Thus, for predicting
averaged steps per day, we found no beneﬁt from assessing
theseothervariablesinadditiontothe6-minwalktest.There
was also no indication of multicollinearity as the variables
were not highly correlated (r<0.5) and the variance
inﬂation factor values for each variable were less than 10.
4. Discussion
Our community dwelling sample of older people had been
living with stroke on average for more than ﬁve years. They
walked at three quarters the speed [29]a n dc o v e r e dh a l f
the distance in six minutes compared to that of healthy
older people [30] and took approximately 44% of the
recommended 10,000 steps/day [31].
Exercise class attendance rates for the group ranged from
0 to 100% with a mean of 60% (SD 29%). Contrary to
expectation, we found that exercise class attendance was
better among those with poorer physical functioning. This
indicates that it is possible to design and deliver exercise
classes that are acceptable to stroke survivors with impaired
physical abilities. Choice stepping reaction time was the
baseline measure of physical performance that best predicted
attendance over the 12-month follow-up period. None of the
other physical performance variables measured at baseline
were associated with class attendance. There was some
additional explanatory power of measures of comorbidity
and recurrent falls that also indicated that those who were
more impaired attended more exercise classes.
At baseline, we assessed demographic, health, health
related quality of life, cognition, and physical performance










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































16 Stroke Research and Treatment
Table 3: Results of the multivariate linear regression analysis for predicting exercise class attendance and physical activity participation.
Results for prediction of exercise class attendance
Predictor variable Coeﬃcient (95% CI) P Adjusted R2 (%)
Conditions/symptoms (total number) 1.99 (−1.02 to 5.00) 0.191 8
Fear of falling (yes/no) 7.50 (−4.93 to 19.93) 0.233
Choice stepping reaction time (sec) 0.20 (−0.004 to 0.40) 0.055
Results for prediction of physical activity participation
SF12v2 physical composite (score/100) 11.60 (−65.62 to 88.80) 0.765 33
Maximal balance range (mm) 7.77 (−6.05 to 21.6) 0.265
6-min walk test (m) 13.60 (6.58 to 20.61) 0.000
measured were not able to explain the majority of the
variability (92%) in class attendance rates over the 12-
month follow-up period. Either the measurement tools we
used were not able to accurately measure these factors in
this population, or these factors are not important in the
prediction of exercise adherence in stroke survivors. Factors
such as depression, family support, and social isolation were
not measured in our study but have been previously found
to be associated with uptake and adherence with exercise
programs in stroke survivors [15]. There was no cost to take
part in the study, and none of the participants were in paid
employment; therefore, these factors were not barriers to
participation.
Our study involved the establishment of exercise classes
within stroke clubs where stroke survivors were already
meeting regularly. Our results may not generalise to the
broader population of community-dwelling stroke survivors
as our participants may have been diﬀerent from stroke
survivors who do not choose to meet regularly with their
peers. Furthermore, most of the study participants relied on
community transport or transport assistance from a relative
or friend to travel to the exercise classes, so it is likely that
some missed classes were due to the occasional unavailability
of transport.
Physical activity participation, as measured by the aver-
agenumberofstepstakenperdayaftera12-monthinterven-
tionperiod,waspredictedbybaselineperformanceinseveral
tests of balance and mobility and health-related quality of
life (SF-12 physical composite scale). The 6-min walk test
was the strongest predictor of physical activity participation,
but the measure of mobility (the 10-m walk test) was also a
very strong predictor and may be easier to measure. While
pedometers are commonly used as a motivational tool in
patient behaviour change programs, they do undercount
steps for those people with gait impairment [32]. This
undercountingislikelytostrengthentheassociationbetween
walking speed and physical activity (step counts). Although
several balance and mobility variables were associated with
averagedstepsperdayintheunivariateanalyses,theydidnot
remain signiﬁcantly associated with averaged steps per day in
the multivariate model which included the 6-min walk test.
These variables were moderately correlated (r = 0.43–0.89)
which indicates they are likely to be measuring similar
factors. Additionally, exercise class attendance in itself was
not apredictor of independent physicalactivityparticipation
(P = 0.535).
It therefore appears that physical activity among stroke
survivors was inﬂuenced by mobility but not the other study
variables included here as possible predictors. This result
suggests that advice and guidance to participate in regular
physical activity should be targeted at all stroke survivors,
regardless of individual comorbidities and functional status.
In addition, people with impaired mobility may need more
speciﬁc advice and diﬀerent strategies to increase their
physical activity levels as their steps per day may be limited
by mobility. Cycling and arm cranking have been previously
suggested as ways to increase physical activity in people with
impaired mobility [33, 34]. Of course, exercise prescription
should consider individual impairments (e.g., arm cranking
may be diﬃcult for those with aﬀected upper limbs), may
need modiﬁed equipment, and should follow preexercise
screening protocols [20]t oe n s u r es a f e t y .
Averaged steps per day data were missing for 12 people
due to diﬃculty using the equipment for one participant
and loss to 12-month follow-up for 11 others. It is possible
that this resulted in an overestimation of physical activity
participationasmorethanhalfofthosepeoplelosttofollow-
up cited health problems as the reason for nonattendance at
the 12-month reassessment. Furthermore, formal accuracy
testing of the pedometers with all participants was not
carried out prior to their use, which may have led to
inaccuracies in the measures obtained.
The predictor variables we measured at baseline
explained a greater proportion of the variability in averaged
steps per day (33%) compared with exercise class attendance
(8%). Although this ﬁnding should be replicated in other
populations of stroke survivors, it suggests that physical
activity can be more easily predicted than exercise class
attendance.
5. Conclusions
The uptake and sustained compliance with recommenda-
tions around the importance of ongoing, regular physical
activity for prevention of disease and maintenance of health
is as important in stroke survivors as in the general popu-
lation. The results of this study conﬁrm that participation
in speciﬁc structured exercise programs and general physical
activity is diﬃcult for many long-term stroke survivors. We
found exercise class attendance was variable and diﬃcult
to predict but better among those with poorer mobility atStroke Research and Treatment 7
baseline. Conversely, we found a higher average number of
steps taken per day among those with better mobility. We
hope that these results assist in the design of physical activity
programs for stroke survivors.
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